SUMMARY Sixty-four infants and children showing signs of decerebrate rigidity admitted to a paediatric unit have been studied. Cases of head injury, myelomeningocoele, and tumours were excluded from the series. The aetiological factors causing decerebration in the remainder fell into four main groups: infections, hypoxia, metabolic disease, and intracranial haemorrhage. Increased intracranial pressure was diagnosed in 87%. Defects in homeostasis occurred in 7500, respiratory abnormalities were present in 66%, cardiovascular in 3300, hypothermia in 30°/o, and hyponatraemia in 17%. Early recognition and treatment of raised intracranial pressure and defects in homeostasis are of the utmost importance if morbidity and mortality are to be minimized. There was a 31% mortality from the acute illness: 3000 of the survivors were normal at follow-up examination; the remainder showed varying degrees of handicap. The severity of decerebration showed no correlation with aetiology or prognosis. The study shows that a wide range of disorders can lead to the clinical picture of decerebration in the young child, and that the prognosis is probably much better than in adults showing the same symptoms and signs. Severe brain damage may occur in the course of many metabolic and infectious diseases affecting the brain in infants and young children in whom the acute stage of brain injury may be manifest clinically as convulsions, coma, and states of decerebrate and decorticate rigidity (generalized extensor hypertonus). In this paper the clinical findings of 64 children who showed a clinical picture of acute decerebration are described. The need for wider appreciation of the significance of acute decerebration and its emergency medical treatment is emphasized. DEFINITION 
Severe brain damage may occur in the course of many metabolic and infectious diseases affecting the brain in infants and young children in whom the acute stage of brain injury may be manifest clinically as convulsions, coma, and states of decerebrate and decorticate rigidity (generalized extensor hypertonus). In this paper the clinical findings of 64 children who showed a clinical picture of acute decerebration are described. The need for wider appreciation of the significance of acute decerebration and its emergency medical treatment is emphasized. DEFINITION Two major patterns of generalized extensor hypertonus in the human as a result of lesions of the brain have been described. In both there is generalized extension of the trunk, and of the lower limbs, which are thrown into a position of extension and internal rotation of the hips, extension of the knees, and plantar flexion of the feet, often with 'scissoring'. There is a gross increase of muscular tone, associated with exaggerated stretch reflexes and extensor plantar responses. No matter in which position the child is placed the increase of muscle tone and abnormalities of posture persist (Sherrington, 1898;  Kinnier Wilson, 1920; Walshe, 1923a, b; Fulton, 1943) .
In the first and commoner type which may be termed, after Sherrington, 'true decerebration' extensor rigidity in the legs is associated with adduction and internal rotation of the shoulders, extension of the elbows, pronation of the forearms with flexion of the wrists and digits, the thumb often being held beneath the fingers in the palms of the hands. In the second type, termed more accurately by Sherrington, 'decortication', there is semi-flexion adduction and internal rotation at the shoulders, semi-flexion or flexion of the elbows with flexion of the wrists and digits, the thumbs again being held beneath the flexed fingers as in the first type. For the sake of simplicity we shall refer to both these types of acute extensor hypertonus as 'acute decerebration' in this article.
In decerebrate rigidity of both types there is an exaggeration of the so-called 'primitive reflexes' including the rooting, lip, and sucking responses (Peiper, 1964) . The grasp reflexes, the symmetrical and asymmetrical tonic neck reflexes, and the trunk incurvation reflex are easily elicited.
There is a marked similarity in the postures assumed by decerebrate babies and babies in the dystonic stages of diplegia and dyskinetic cerebral palsy, but in the latter changes of the position of the child in space tend to modify the child's posture and muscle tone (Ingram, 1964) .
METHODS
Sixty-four patients were studied between 1968 and 1970. The majority of patients were seen in the general medical and surgical wards in the Royal Hospital for Sick Children, Edinburgh, and in the nurseries of the Simpson Memorial Maternity Pavilion, Royal Infirmary, Edinburgh, as soon as they showed neurological abnormalities. Thereafter they were seen frequently while in hospital. The survivors were examined regularly as outpatients. Twenty of the 64 patients died between 24 hours and nine months after the initial illness. Of these, 13 came to necropsy.
Patients suffering from the following categories of neurological disease who showed decerebrate rigidity were excluded from consideration: known head injuries; intracranial tumours; spina bifida with or without hydrocephalus; mild transient neonatal decerebration of the type which commonly follows hypoxia; apparent decerebration in the newborn the result of hypocalcaemia and/or hypomagnesaemia (Brown, 1970) . Neonates with persistent decerebration of more than 24 hours duration after birth or postnatal hypoxia, were included.
RESULTS
AGE RANGE The ages of the patients studied varied from 1 day to 10 years. Sixty of the 64 patients were aged less than 4 years (Table 1) . (Fig. la, b, c) .
In the present series of 64 patients, two were classified in the mild category (1) Prechtl and Beintema (1964) . In older children, above the age of 6 months, depression of consciousness may be assessed approximately in the same way as adults. The stages marking the progressive depression of the level of consciousness are of particular value in such patients (Wylie and Churchill-Davidson, 1965) .
It was found that most older children in the series showed depression of consciousness when intracranial pressure was significantly raised. In contrast, a number of the young infants lay in a totally opisthotonic posture and yet could suck a bottle and even smile at the appearance of their mothers. The level of alertness and arousal was thought to be normal in 10 infants. Sixteen infants were classified as being extremely apathetic, a stage which was considered to be the equivalent of being unconscious in the older child. Six children showed impairment of consciousness and 32 were unconscious, using the criteria suggested above. There was a striking dissociation in some patients between the severe degree of decerebrate rigidity and the level of consciousness (Halsey and Downie, 1966) .
high proportion of patients had signs of raised intracranial pressure. This was diagnosed either on the basis of abnormalities of the fundi or changes in the pupils and eye movements as The respiratory abnormalities which were ie occipito-encountered in association with decerebrate
The latter rigidity are shown in Table 4 .
ABNORMALITIES OF CARDIOVASCULAR FUNCTION
Bradycardia, irregularity of the heart rate and 440 of the that papill- cardiac arrest, all known to result from raised intracranial pressure, were encountered in a number of patients. Bradycardia was found in six (cases 1, 8, 9, 11, 13, 35) , though in one case (case 9) the rate slowed markedly to 20 per minute. In contrast, tachycardia of more than 200 per minute was noted in six patients and in another five the heart rate was between 170 and 200 per minute.
The electrocardiogram (ECG) may be abnormal with sinus bradycardia, sinus arrest or varying heart block and yet it may revert dramatically back to normal if the intracranial pressure is reduced, as by aspirating the lateral ventricle through the anterior fontanelle.
One child (case 9), who also showed bradycardia, had five episodes of cardiac arrest which were associated with other evidence of autonomic over-activity-intense salivation, sweating, and borborygmi which were audible without a stethoscope. Injection of atropine intravenously immediately reversed the cardiovascular ab- (Fig. 2) . (100 ) and dexamethasone. This therapy resulted in cessation of the fits, the disappearance of decerebration, and resolution of the papilloedema. On subsequent follow-up examination the child was found to be neurologically normal.
In three other patients too rapid correction of hypernatraemia by intravenous fluid was thought to be responsible for brain swelling accompanied by decerebrate rigidity.
CONTROL OF BLOOD SUGAR Hypoglycaemia (defined from term onwards as a blood glucose of less than 30 mg/100 ml.) was present in six patients, in one of whom the blood glucose was found to be only 5 mg/100 ml. Hyperglycaemia, defined as a blood glucose level of 200 mg/100 ml. or more, was noted in two other patients (cases 3 and 43). (24%) showed severe mental and physical handicaps, usually associated with a tetraplegic type of cerebral palsy (Table 6) .
Forty-one children suffered from epileptic seizures when acutely ill; in only five did fits occur afterwards.
PATHOLOGICAL FINDINGS Necropsy was carried out in 13 of the 20 patients who died. Many different pathological abnormalities were found. Unequal swelling of the hemispheres had caused shifts of the brain across the midline; shifts downwards were found with tentorial herniation; lateral compression of the brain-stem and infarction of the occipital lobes due to compression of a posterior cerebral artery and coning at the foramen magnum were all seen. In one patient necrosis of the herniated cerebellar tonsils resulted in cerebellar tissue being found in the lumbar theca. Hydrocephalus, subdural haematoma, and encephalitis were confirmed in patients in whom this had been the provisional antemortem diagnosis. In three infants the brain was found to be softened, pale, swollen, and almost liquid, so marked was the cerebral infarction. DISCUSSION Sherrington found that after a section of the brain at an intercollicular level there was rigidity in the trunk or all four limbs, with extension of the neck and trunk, adduction and internal rotation of the shoulders, extension of the elbows, pronation of the forearms, flexion of the wrists and fingers-usually over the adducted thumbs-adduction and internal rotation of the hips, extension of the knees, and plantar flexion of the feet so that 'scissoring' of the lower limbs frequently occurred (Sherrington, 1906 (Sherrington, , 1947 . This type of rigidity has been attributed to release of the activity of alpha nerve fibres which control muscle tone in experimental animals, though interpretation is more difficult in the human (Rushworth, 1964) . The second type of decerebrate rigidity described by Denny-Brown (1966) in which there is flexion at the shoulders and elbows so that the upper limbs tend to be held across the chest tends to occur when lesions of the brain are more diffuse in nature, and particularly when the basal ganglia and cerebellum are involved. In animals it has been attributed to the release predominantly of the gamma efferent system in the spinal cord.
The clinical pictures of the two types of decerebrate rigidity are usually quite distinct, but the explanation as to why one or other should occur is impossible to make in terms of presumed underlying pathological change in the brain . Both types may be abolished by deep anaesthesia and the posture and rigidity of the limbs are altered in the gamma type if they are de-afferented. A number of authors have considered that the brain-stem is more often damaged in patients in whom the upper limbs show flexor patterns (Walshe, 1923a; Granit, 1955; .
The two types of decerebrate rigidity described must be distinguished from other states in which there is extension or hyperextension of the neck and trunk, and extension of the limbs with rigid increase of tone. In some diseases of the corpus striatum, for example, transient or long-lasting posture of this type may be found-the so-called dystonic syndrome described by Denny-Brown (1963) . In this syndrome posture is modifiable by changes of position and by alteration of the position of the limbs. Dystonic postures of this type are commonly found in the early stages of the development of dyskinetic or diplegic cerebral palsy in severely affected patients (Ingram, 1964) . They may also be observed in the course of prenatal and early postnatal development, before higher cerebral control of motor function has developed.
Thus decerebrate and dystonic postures may be explained in developmental terms. By 12 weeks of gestation the foetus shows well-developed flexor tone with recoil and adduction and flexion of the limbs, if the corresponding dermatomes are stroked. This response appears to be predominantly spinal in origin. By the 18th week of gestation flexor tone has become inhibited and extensor reflexes appear. The premature baby born at 28 weeks' gestation has a tendency to mass extension of the trunk, crossed extension of the limbs, trunk incurvation, and tonic neck reflexes. Almost any abrupt stimulation or change in position is liable to produce sudden rigid extension of the neck and trunk and of the limbs, especially the lower limbs with hyperextension of the great toes. Similar extensor patterns have been described in anencephalic infants and have been witnessed personally (Walshe, 1923a; Peiper, 1964) .
Between 30 and 40 weeks of gestation there is again an increase in flexor tone, and by term the child's posture is one of semi-flexion of the neck, trunk, and limbs rather similar to that seen between 12 and 18 weeks. After the first month of extrauterine life another extensor phase occurs and reaches its maximum at the age of 12 to 16 weeks (Ingram, 1970) . When babies at this stage of motor development are placed in the supine position supported by a hand beneath the back, the posture assumed may be very similar to that found in decerebrate rigidity or in the dystonic syndrome as described by Denny-Brown. It is important to distinguish babies who show a wellmarked, but physiological, stage of 'extensor tonus' from babies showing abnormalities of posture and tone attributable to brain disease.
As seen in Table 2 a wide variety of pathological conditions may be associated with decerebrate rigidity. The commonest of these is raised intracranial pressure with associated compression of the mid brain due to coning at the tentorial orifices (Johnson and Yates, 1956) . This neuropathological state is most often caused by swelling of the brain secondary to head injury, tumours of the posterior fossa, or hydrocephalus.
Most of the other causes of decerebrate rigidity produce their effects by causing cerebral oedema and raised intracranial pressure. These are found in lead poisoning (Wechsler, 1963) , diabetic ketoacidosis (Young and Bradley, 1967) , hypernatraemic dehydration (Morris-Jones, 1967), and in cases of pseudo-tumour cerebri (Greer, 1967) . Brain swelling can occur in young infants after very trivial trauma and minor hypoxic episodes. It may be associated with the use of certain drugs such as tetracyclines, steroid withdrawal, and vitamin intoxications. There is what appears to be a specific condition causing toxic encephalopathy associated with fatty degeneration of the liver, hypoglycaemia, and severe metabolic acidosis which occurs predominantly in young children under 5 years of age described by Reye, Morgan, and Baral (1963) and Simpson (1966) . Minor scalds may be associated with severe brain oedema and decerebrate rigidity with loss of homeostasis in children under 5 years of age (there were two cases in the present series, nos. 1 and 2) (Emery and Reid, 1962) .
The other causes of extensor hypertonus in the child which produce decerebrate postures include diffuse encephalopathic diseases of the mid brain which may occur in encephalitis, tumours, hypoxia or ischaemic lesions. Pure metabolic disturbances may also have a direct effect on the brain-stem causing release of decerebrate rigidity without any associated swelling. This is seen in severe kernicterus (Eastham and Jancar, 1968) , maple syrup urine disease (Martin and Norman, 1967) , hepatic failure (Conomy and Swash, 1968) , hypocalcaemia, hypomagnesaemia (Brown, 1970) , and in alkalosis or phenothiazine poisoning. Intracranial haemorrhage accounted for 300 of the present series. The battered baby suffering from intracranial haemorrhage is one of the diagnoses which must always be borne in mind in any infant who presents with unexplained extensor hypertonus.
HOMEOSTATIC CONTROL As indicated above, a breakdown in homeostatic control may be associated with decerebrate rigidity. Such an association may involve abnormalities of cardiorespiratory control, and regulation of osmolality, serum sodium, blood glucose, temperature, and pH in which it is presumed that the disturbance in homeostasis is secondary to the disease process which also results in extensor hypertonus. A possible mechanism would be the pressure effect on the hypothalamus of a swollen brain or of a dilated third ventricle in hydrocephalus. In decerebrate rigidity there is frequently an imbalance between the sympathetic and parasympathetic components of the autonomic nervous system and this may account for the pinpoint or fixed dilated pupils, the bradycardia or tachycardia, the hypo-or hyperglycaemia, the hypo-or hyperthermia, and the other autonomic disturbances often found (Robertson and Pollard, 1955; Appenzeller, 1970) .
Abnormalities of the function of the autonomic nervous system on the circulation may cause hypotension or hypertension and this may be associated with pulmonary oedema (Chapman, Livingston, Livingston, and Sweet, 1950; Paine, Smith, and Howard, 1952; Hilton, 1966; Ducker, 1968) . In young infants an odd syndrome of tachycardia, enlargement of the liver, and peripheral oedema may occur secondary to lesions of the brain and has been known as cerebral heart failure (Gray and Prosser, 1967) .
Abnormalities of cardiac rate or rhythm and associated disorders of the circulation may be secondary to diseases of the nervous system and may also cause brain damage from ischaemia. Thirty-three per cent of the present series showed some abnormality of the cardiovascular system. There may be vagal stimulation with resultant bradycardia, sinus arrest or nodal escape, and typical changes in the ECG. Alternatively, severe tachycardia (which may impair diastolic filling) can also be due to central sympathetic overactivity. Before bradycardia becomes apparent, there may be marked exaggeration of the normal sinus arrhythmia and irregularities of the pulse may also be due to varying degrees of heart block. Changes in the ECG may occur after subarachnoid haemorrhage when large T-waves, left bundle branch block, U-waves, and prolongation of the Q-T interval may be seen (Shuster, 1960; Srivastava, and Robson, 1964) .
Respiratory difficulties were present in 66% of cases. Disorders of pulmonary ventilation may occur when either hyperventilation producing alkalosis and a reduction in cerebral flow (Plum and Swanson, 1959) or hypoventilation is present. Hypoventilation is more common and is associated with retention of carbon dioxide and acidosis. This is dangerous because the retention of carbon dioxide may cause cerebral venous dilatation, further increasing intracranial pressure. Apnoeic attacks or respiratory arrest were seen most often after a period of bradypnoea (McNealy and Plum, 1962) . Tachypnoea, bradypnoea, Cheyne-Stokes, or gasping respirations all occurred. Between the two different phases of Cheyne-Stokes respiration, pupillary size, conjugate eye deviation, and plantar responses could all vary. Laryngeal stridor, recorded by a number of earlier workers, was found in five patients in the present series (Morley, 1969) . The acid base status of the CSF was not studied in the present series of cases, but it is known that respiratory abnormality and encephalopathy may be associated with changes in CSF acid-base balance (Posner, Swanson, and Plum, 1965) .
In view of the high incidence of respiratory disorders associated with decerebrate rigidity in the present series the adequacy of ventilation should be routinely monitored either as minute volume, end tidal C02, or by sequential blood gas studies. The airway must at all times be kept patent. Early tracheotomy in children with decerebrate state has been recommended (Robertson and Pollard, 1955 Temperature regulation depends on hypothalamic function and hypothalamic connections, regulation of secretion of thyrotropic hormone, skin blood flow, shivering and sweating, and an intact autonomic nervous system (Roddie, 1969) . Three abnormalities may occur: hypothermia, hyperthermia, and poikilothermia. Hyperthermia has a recognized association with hyperglycaemia and pinpoint pupils in pontine lesions (Brain and Walton, 1969) but hypothermia is said to be more common in diseases of the central nervous system. In the present series, 30%0 of the cases had a temperature of 35°C (950 F) or less at some point in the acute stage of the disease. Hypothermia is important in the very small infant, as hypoglycaemia, acidosis, and an increase in oxygen consumption may all occur as a result.
The autonomic nervous system is involved in blood glucose control; the sympathetic component causes breakdown of the liver glycogen and inhibition of insulin release (Buchanan, 1969) . Through the vagus nerve the parasympathetic nervous system stimulates insulin release (Levine and Haft, 1970) . It is established that hyperglycaemia can occur in neurological disease and that hypoglycaemia may cause neurological disease (Ingram, Stark, and Blackburn, 1967; Neligan, 1969) . The role of neurological disease in causing hypoglycaemia is more controversial (Cornblath and Schwartz, 1966; Wilson, 1968) .
In the present series hypoglycaemia often appeared multifactorial. In four of the cases (cases 6, 33, 58, 64) hypoglycaemia was felt to be secondary to neurological disease (see Appendix).
There appear to be two types of hyponatraemia which may complicate diseases of the brain (Nyhan and Cooke, 1956; Mangos and Lobeck, 1964 In the management of a child showing decerebrate rigidity, the first aim must be to obtain an accurate diagnosis of the cause of his neurological abnormality. Prompt treatment of the underlying cause is essential as, for example, in the case of acute bacterial meningitis. In addition systemic treatment of any brain swelling, whatsoever the cause, must be early and energetic. Whenever raised pressure within the skull is suspected, the patient should be sat up in order to lessen intracranial venous pressure. Hydrocephalus should be relieved by tapping of the lateral ventricle when the fontanelle is open. The use of osmotic diuretics, steroid drugs, controlled hyperventilation, hypothermia, and hypotension has been reviewed recently by . Complicating convulsions may be treated by injecting diazepam with phenytoin intravenously. Disordered activity of homeostatic mechanisms may greatly aggravate the underlying neurological disease and cause death. The pulse rate, temperature, respiration, blood glucose, osmolality of the blood, acid base status, serum electrolytes, and urinary output must all be monitored and any abnormality corrected at an early stage. Neurosurgical consultation should be sought so that any amenable intracranial lesions can be treated early and effectively.
The appearance of decerebrate rigidity is always a serious sign, but with early and appropriate treatment the prognosis is less grave than formerly. Of 64 patients in the present series, 310% died and 36% of the 44 survivors had significant severe handicap. Forty per cent, however, of the total number of children had either no handicap or only a mild to moderate one. Some authors have suggested that the prognosis for patients showing decerebrate rigidity is better in childhood than adults, even after severe traumatic head injury. A mortality of 86% was found in a group of adults studied by Pia (1957) . Since the criteria used in the selection of the present series were different from the criteria used in other series, direct comparisons cannot be made with the findings of Robertson and Pollard (1955) , Brendler and Selverstone (1970) , Gutterman and Shenkin (1970) . The mortality for children showing decerebration will depend very greatly upon the causes of the syndrome and the treatment they are given.
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